INTRODUCTION
Hexafluoroethane (R116) is an important component of binary refrigerant mixtures of R508A and R508B, which are usually used in two-stage cascade refrigeration systems as substitutes for R503. Moreover, a binary mixture R116/R170, especially at azeotropic composition [1, 2] was found much more efficient for -80 ºC refrigeration application.
For the refrigeration and air conditioning system, the evaporator is a main component. Hence, study on the boiling heat transfer characteristics is positively necessary. For decades, intensive research on flow boiling heat transfer characteristics for the new refrigerants has underway [3] . Although there are several years applications of R116 in industry, few saturated flow boiling heat transfer data of this perfluorocarbon are available 
EXPERIMENTS

Experiment Apparatus
A test rig, newly designed on the basis of the work of Zou X. [5] , is shown in FIGURE 1. It consists of two main loops: the test loop, and a low temperature refrigeration loop for condensing the test fluid which evaporates in the test section. The condensation is achieved in a tubular heat exchanger which is also the evaporator of the low temperature refrigerator.
The test loop is composed of a magnetic pump, a mass flow meter, one pre-heater section, one heat transfer test section, and two sight glasses. In the test loop, the oil-free refrigerant fluid R116 is circulated by a magnetically driven pump. After the pump, a Coriolis Effect mass flow meter is fixed to measure the test fluid flow rate. A pre-heater is installed to obtain the desired vapor quality and absolute pressure at the inlet of the test section. The electronic power for the pre-heater, provided by the nichrome wire tightly twisted on the outer surface of the tube, is controlled by a voltage regulator. Two sight glasses are separately set at the inlet and outlet of the test section to observe the flow pattern. The locations of the temperature, absolute pressure, and differential pressure measurement sensors are indicated in FIGURE 1.The heat transfer coefficients can be obtained by using a test section with eight individual heating segments as shown in FIGURE 2 (a). Each heating segment is a 50 mm long copper tube with the inner and outer diameter of 6mm and 30 mm as shown in FIGURE 2 (b). Eight segments are connected by a series of 60 mm long stainless steel tubes with the inner and outer diameter of 6 mm and 6.4 mm. The uniformity of inner wall condition is verified by surface fine processing after the vacuum welding work. Heat flux transferred to the refrigerant at the test section can be calculated by the value of voltage and current, which are monitored with a voltmeter and an amperemeter, respectively. The wall temperatures of each heating segment are measured with three four-wire 100 Ω platinum resistance thermometers which are mounted at the top, bottom, and right side of the test section with an axis distance of 5.5 mm. Two four-wire 100 Ω platinum resistance thermometers are set at the inlet and outlet of the test section, sticking to the outer surface of the stainless tube. A piezoelectric pressure transducer measures the absolute pressure at the inlet of the test section. A piezoelectric differential pressure gauge measures the pressure drop between the inlet and outlet of the test section.
Data Reduction
For each individually heated segment of the test section, the local heat transfer coefficient in flow boiling process can be calculated by the following equation:
where, q represents the inner wall heat flux based on the inside surface area of the tube, calculated on the basis of the total heat input. T w is the local inner wall temperature, calculated from the measured temperature value by applying the one-dimensional, radial, steady-state heat conduction equation for a hollow cylinder, based on the assumption that the heat generation is uniform within the tube wall and the outer surface of the tube is under an adiabatic condition.
T sat is the local temperature of the fluid, which is calculated rather than measured. The corresponding saturation pressure at each segment is calculated from the pressure measured at the inlet of the test section and from the pressure drop over the entire test section with a linear pressure distribution assumption.
The test section vapor qualities at separate locations are obtained from an energy balance between the enthalpy increment of the fluid and the electrical power dissipation in the teat section. Thermophysical properties of the test fluid are evaluated using the computer program Refprop.
Experimental Uncertainties
The uncertainty analysis for the present experiments is summarized in TABLE 2. The final uncertainties are estimated by averaging the uncertainties calculated at all test section. Uncertainties of the presented experiments are analyzed with the guidelines suggested by NIST (Taylor and Kuyatt) [6] . Under the employed operation condition, the uncertainty of the heat transfer coefficient with a 95% confidence interval range from 6.5% to 17.2%. To compare the results with the same test condition, the evaporation pressure was kept constant as 0.29 MPa. As shown in FIGURE 3, the heat transfer coefficients do not change much with the increases of the mass flow, while the vapor quality ranges from 0.07 to 0.48, especially in the low heat flux region. To compare the results with the trend mentioned by Petterson [7] whose research shows that the varying mass flux has almost no influence on heat transfer over a wide range of vapor quality, it is practically applied to our test results. Although no obvious influence of mass flux can be seen within the above mentioned vapor quality range, a significant effect of heat flux on the heat transfer coefficients is shown. FIGURE 4 depicts the influence of heat flux on the heat transfer coefficient of R116 in a horizontal tube in a more reasonable way. It presents the variation of heat transfer coefficient with respect to heat flux at a given evaporation pressure, mass flux, and vapor quality. The heat transfer coefficient increases evidently with heat flux, which appears to be a similarly linear rising tendency. 
RESULTS AND DISCUSSION
Comparison of Heat Transfer Coefficient Correlations
A comparison of experimental heat transfer coefficients of R116 with the calculated results using five well known correlations is shown in FIGURE 6. The average deviation and mean absolute deviation of the correlations and the experimental data are summarized in TABLE 3. FIGURE 6 shows the comparison of heat transfer coefficients between experimental data and correlations predicted by Kandlikar [8] , Liu and Winterton [9] , Gungor and Winterton [10] , Bennett and Chen [11] , and Shah [12] . Among the results, the Gungor and Winterton correlation shows the best agreement, with the mean absolute deviation and average deviation both less than 20%. From FIGURE 6, we can see that all the correlations tend to underestimate the experimental heat transfer coefficients at most of the test conditions. 
CONCLUSIONS
An experimental study of saturated flow boiling heat transfer characteristics of R116 in a smooth horizontal tube of hexafluoroethane was carried out. The experimental tests have been performed with the evaporation pressure ranging from 0.2 to 0.6 MPa, mass flux ranging from 350 to 1100 kg/m 2 -s, and the heat flux ranging from 5 to 60 kW/m 2 . The experimental results indicate that varying mass flux has no obvious influence on heat transfer over a wide range of vapor quality under certain conditions. The heat transfer coefficients do not change much with the increase of the mass flow, especially in the low heat flux region. However, the heat flux has significant effect on the heat transfer coefficients by comparing the three series of results under different heat flux conditions. The heat transfer coefficient increases evidently at a low vapor quality with a similarly linear rising tendency. And, the heat transfer coefficient also increases with the evaporation pressure. The growth trend is almost approaching to a positively related straight line. Comparison of heat transfer coefficients between experimental data and five well known correlations shows that all the correlations tend to underestimate the experimental heat transfer coefficients under most of the test conditions. Among the results, the Gungor and Winterton correlation shows a good agreement with the present experimental data.
